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Abstract This study evaluated the perception of veterinarians
in including the emerging metastrongyloid Angiostrongylus
vasorum in the differential diagnosis for dogs referred with
appropriate signs. Veterinarians at teaching hospitals, private
practices or kennels collected faecal samples from 606 symp-
tomatic dogs in six different areas of Italy. The samples were
examined with the Baermann technique. Fourteen dogs scored
positive for A. vasorum, all showing different clinical pictures,
with the most common reason for inclusion in the study being
a combination of respiratory signs along with general signs.
The most reported sign was cough, followed by aspecific
distresses. Other respiratory signs were dyspnoea, tachypnoea
and breathing sounds, while bleeding diathesis occurred in one
dog. Gastrointestinal disorders were diarrhoea and vomitus,
while no neurological signs were detected. Four key cases are
herein described, with a special focus on their clinical descrip-
tion, findings at the collateral diagnostic imaging and
therapeutic options with moxidectin. This survey provides
new data on distribution of A. vasorum in Europe and on the
clinical impact of the disease. The results confirm that clinical
angiostrongylosis overlaps a series of other conditions of dogs.
Awareness among vet practitioners is discussed along with the
importance of including A. vasorum on the list of differential
diagnoses in canine clinical practice and of performing appro-
priate diagnostic methods.
Introduction
The metastrongyloid nematode Angiostrongylus vasorum af-
fects the right chamber of the heart and pulmonary arteries of
domestic dogs, wild canids and, occasionally, other animals
(Levine 1980). In the past decade, clinical disease by A.
vasorum in dogs has been described in both traditional endemic
foci and previously free regions, and multiple reports showed
an increasing number of infected animals over an expanding
geographic range (Morgan et al. 2009; Helm et al. 2010;
Morgan and Shaw 2010; Traversa et al. 2010a; Conboy 2011).
The interest on A. vasorum is growing, as demonstrated by
recent studies which have reported new insights in biology,
e.g. effect on environmental conditions on larval stages
(Ferdushy and Hasan 2010a; Dias and Dos Santos Lima
2012), and diagnosis, e.g. via molecular methods (Al-Sabi et
al. 2010; Jefferies et al. 2011), of canine angiostrongylosis.
On the other hand, the severity of clinical signs in
infected dogs makes unlikely that A. vasorum has been
neglected or unnoticed for prolonged periods in previously
unrecognized endemic areas, especially in privately owned
dogs. Cardiopulmonary distresses, bleeding disorders,
haemorrhagic diathesis and neurological signs are typical
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clinical findings and they may occur either singly or in
combination (Brennan 2008; Koch and Willesen 2009;
Conboy 2011). Residing adult A. vasorum and inflammatory
response to eggs and migrating larvae cause verminous
pneumonia due to thrombotic endo-arteritis and vascular
fibrosis (Prestwood et al. 1981; Koch and Willesen 2009;
Gredal et al. 2011), while erratic larval migration and bleed-
ing in the nervous system cause neurological signs (Perry et
al. 1991; Garosi et al. 2005; Whitley et al. 2005; Wessmann
et al. 2006; Denk et al. 2009). Nonspecific miscellaneous
systemic and gastro-enteric signs may be other findings in
infected dogs, either as a sole feature or along with the
above more frequent features (Schelling et al. 1986; Bolt
et al. 1994; Chapman et al. 2004; Koch and Willesen 2009;
Helm et al. 2010).
Hence, canine angiostrongylosis has a widely varying
clinical picture and the presentation of an infected patient
is not straightforward and difficult to evaluate (Morgan et al.
2010).
A climatic envelope showed that Italy is among those
areas offering suitable ecological and epidemiological con-
ditions for the expansion of current dispersion of A. vasorum
and the establishment of further new endemic foci (Morgan
et al. 2009). At present, the infection in Italy is reported with
increasing frequency in dogs, with highest values in central
regions (Traversa et al. 2008a; Di Cesare et al. 2010, 2011,
2012). A similar pattern has been recently described in other
countries where A. vasorum is considered emergent, e.g.,
Holland, Germany and Greece (Papazahariadou et al. 2007;
van Doorn et al. 2009; Barutzki and Schaper 2009, 2011).
Nonetheless, information on infection rates and occurrence
of A. vasorum in symptomatic dogs are lacking, especially
because the disease is still neglected and underestimated in
canine clinical practice. Thus, the aims of the present study
were to evaluate the perception of veterinarians in Italy in
including angiostrongylosis in differential diagnosis at their
veterinary practices in primary care for symptomatic dogs and
the occurrence of A. vasorum in animals presenting clinical
signs compatible with the infection.
Materials and methods
Study design
The study was carried out in six regions in Northern (Veneto
—site A, Lombardy—site B), Central (Marche—site C,
Lazio—site D, Abruzzo—site E) and Southern (Apulia—
site F) Italy. Veterinarians working in teaching veterinary
hospitals and private practices, or visiting animals in ken-
nels and shelters (see “Acknowledgments”), were asked to
recruit at least 100 dogs in each area. Animals were selected
when presenting a clinical picture considered compatible
with canine angiostrongylosis even with a single sign sug-
gestive of respiratory, cardiovascular, neurological or bleed-
ing disorders appropriate for canine angiostrongylosis. At
the moment of the visit time, veterinarians filled out a
questionnaire for each animal including signalment, history
and anamnesis, along with clinical signs. A faecal sample
was collected from each recruited dog either immediately
after a spontaneous defecation or by rectal inspection.
Faecal examination
All stool samples were examined by the Baermann tech-
nique as follows: about 5 g of faeces were placed in the
centre of a double layer of cheesecloth sheet. A pouch
containing the sample was formed by holding the four
corners of the sheet together with a closing string. The
pouch was placed in a funnel filled with water and kept at
room temperature. After 24–48 h, 15 ml of faecal fluid were
drawn off from the bottom funnel into a tube and
centrifuged at 600×g for 5 min. The sediment was trans-
ferred onto a slide and microscopically examined. Larval
nematodes retrieved were examined using existing descrip-
tions and keys for metastrongyloid (McGarry and Morgan
2009; Traversa et al. 2010a).
Results
Dogs and clinical pictures
Overall, 606 symptomatic dogs were examined, i.e. 100 in
sites A, D and F, 101 in sites B and E and 104 in site C. A
plethora of different varying clinical pictures, (i.e. 210)
consisting of 1 to 12 signs (Table 1), was considered com-
patible with angiostrongylosis by veterinarians collaborat-
ing in the six sites.
The most frequent signs considered pertinent with A.
vasorum were cough, poor general conditions, weight loss
and intolerance to exercise and, in particular, the sole pres-
ence of coughing without any other clinical evidence was
thought enough to suspect angiostrongylosis in 98 dogs,
from 1 in site A to 33 in site B (Table 1).
Other common complaints for visit and recruitment in the
study for suspected angiostrongylosis by the veterinarians
were non-specific cardiopulmonary signs, e.g. lethargy and
exercise intolerance, or systemic in general, e.g. poor health
conditions or weight loss.
Clinical evidences in dogs infected by A. vasorum
Of 606 symptomatic dogs included in the study, 14 (2.3 %)
tested positive for the larvae of A. vasorum (Fig. 1): two in
sites B (1.98 %) and D (2 %) and ten (9.9 %) in site E, while
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no dogs scored positive at the Baermann examination in
sites A, C and F.
The 14 infected dogs showed clinical pictures different
one from each other, with the most common reason for
inclusion in the study being a combination of signs respira-
tory in nature along with aspecific signs (Table 2).
All cases but one (case no. 50 at site E) showed respira-
tory disease, with cough always present with the exception
of a dog (case no. 101 at site E) which was referred with
tachypnoea and breathing sounds. The clinical visit of case
50 at site E revealed only non-specific signs (Table 2). The
majority of the cases showing respiratory distress also
showed other cardiopulmonary and general signs, while
two dogs (case nos. 101 and 10 at sites B and D, respec-
tively) had respiratory signs alone and one animal (case no.
16 at site E) had only cough and hemorrhagic diarrhoea
(Table 2).
In terms of frequency, the most present sign was cough,
followed by aspecific signs (Table 3). Other, although less
common, respiratory signs were dyspnoea, tachypnoea and
breathing sounds, while signs of bleeding diathesis were
pale mucosae, hemorrhagic diarrhoea and haemorrhage
from minor wounds. Other than diarrhoea, the only
Table 1 Number of dogs with different clinical pictures (CP)
consisting of a range (R) of clinical signs present at the same time
and considered compatible with angiostrongylosis by veterinarians in
sites A (Veneto region), B (Lombardy region), C (Marche region), D
(Lazio region), E (Abruzzo region) and F (Apulia region). The three
most frequent signs along with number of animals and percentages for
each of them and along with dogs showing only cough (Co) or other
cardiorespiratory signs (C-R) are also indicated
Site Dogs CP R No. of dogs
Most frequent signs Co C-R
A 100 55 1–10 Diarrhoea Poor general conditions Weight loss 1 0
52 (52 %) 37 (37 %) 30 (30 %)
B 101 37 1–12 Cough Poor general conditions Weight loss 33 4
78 (77.2 %) 41 (40.6 %) 36 (35.6 %)
C 104 24 1–6 Cough Vomiting Low performance 28 0
74 (71.2 %) 44 (42.3 %) 31 (30.7 %)
D 100 42 1–8 Cough Poor general conditions Intolerance to physical exercise 16 0
90 (90 %) 66 (66 %) 43 (43 %)
E 101 49 1–7 Cough Poor general conditions Intolerance to physical exercise 4 0
77 (76.2 %) 61 (60.3 %) 55 (54.4 %)
F 100 47 1–5 Cough Weight loss Poor general conditions 16 3
50 (50 %) 48 (48 %) 22 (22 %)
Fig. 1 First stage larva of Angiostrongylus vasorum
Table 2 Dogs infected by Angiostrongylus vasorum in sites B (Lom-
bardy region), D (Lazio region) and E (Abruzzo region) of Italy and
their clinical picture
Dog Site Clinical picture
1 B Weight loss, cough, dyspnoea
101 B Cough, dyspnoea
2 D Intolerance to physical exercise, low performance, poor
general condition, cough
10 D Cough
16 E Cough, hemorrhagic diarrhoea
48 E Poor general condition, cough
49 E Poor general condition, lethargy, coagulation disordersa,
cough, dyspnoea, shock
50 E Intolerance to physical exercise, low performance, poor
general condition, lethargy
74 E Intolerance to physical exercise, low performance, weight
loss, poor general condition, cough
78 E Intolerance to physical exercise, low performance,
lethargy, breathing sounds, cough
79 E Intolerance to physical exercise, low performance, weight
loss, poor general condition, lethargy, cough
82 E Intolerance to physical exercise, low performance, weight
loss, poor general condition, breathing sounds, dyspnoea,
cough
92 E Intolerance to physical exercise, poor general condition,
cough, dyspnoea
101 E Weight loss, lethargy, vomitus, breathing crackles,
tachypnoea
a Bleeding from minor wounds, pale mucosae
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gastrointestinal disorder evidenced was vomitus. No neuro-
logical signs were detected in any of the infected dogs
(Table 3).
Clinical pictures in infected dogs, key examples
Clinical presentations selected in terms of clinical aspect and
interest they have stimulated in the primary care level in
veterinarians participating in the study are reported as follows.
Site B, case 1
A 6-year-old Dalmatian female weighing 18 kg, which
never moved outside Lombardy region, was referred be-
cause of coughing, dyspnoea and weight loss since 1 month
of duration. The dog lived outdoor in a garden from an
urban area and had history of eating every kind of “poten-
tial” food found and never received an anthelmintic treat-
ment in the last years. The dog was thin and dehydrated, and
thoracic radiographs showed a mixed interstitial nodular
pattern without any evidence of vascular lesions (Fig. 2).
Pulmonary ultrasound examination showed several pulmo-
nary nodules (ranging from 2 to 7 mm of diameters) visu-
alized in both lungs, which were subjected to cytology
showing presence of macrophage and inflammatory cells.
All these pieces of evidence led to a suspicion of canine
hemangiosarcoma. Nonetheless, several larvae of A.
vasorum were found at Baermann’s examination. The dog
was treated three times 15 days apart with a spot-on solution
containing imidacloprid 10 %/moxidectin 2.5 %
(Advocate®, Bayer Animal Health) and its health conditions
improved quickly. At day 40 from the diagnosis, the faecal
examination was negative, respiratory signs were no longer
present, thoracic radiographs were greatly improved and no
nodular lesions were revealed at lung sonographic
examination.
Site B, case 101
A 2-year-old mixed breed was referred for a through clinical
evaluation after being scored positive upon a commercial kit
detecting Dirofilaria immitis-circulating antigen.
A history of dyspnoea and coughing of mild entity of few
weeks of duration was reported, and the physical examina-
tion showed no other apparent abnormalities. The animal
did not receive recent parasiticides. Thoracic radiographs
did not show any abnormality while echocardiography
allowed the visualization of few filariid echoes in the right
pulmonary artery. No sign of pulmonary hypertension could
be detected on B-dimensional and Doppler study, while lung
sonography showed the presence of small (<4 mm) scattered
nodular lesions in the pulmonary parenchyma (Fig. 3).
Given that the dog scored positive for larvae of A. vasorum
at the faecal examination, it was treated with a single ad-
ministration of Advocate®. At the re-evaluation 1 month
later, coughing completely disappeared and no more nodular
lesions were present in the pulmonary parenchyma.
Baermann examination was negative, pulmonary sonogra-
phy showed disappearance of nodular lesions and echocar-
diography persistence of filariid echoes in the right
pulmonary artery without signs of pulmonary hypertension
(Fig. 4). Few days later, the dog underwent surgical heart-
worm removal and recovered completely.
Site E, case 16
An 18-month-old bloodhound hunting male dog living in a
mountainous area was referred for clinical evaluation due to
recurrent haemorrhagic diarrhoea and coughing. The animal
Table 3 Percentage of occurrence of clinical signs in 14 dogs (D)
infected by Angiostrongylus vasorum in Italy
Signs D Percent
Cough 12 85.7
Poor general condition 8 57.1
Intolerance to physical exercise 7 50
Low performance 6 42.9
Lethargy 5 35.7
Weight loss 5 35.7
Dyspnoea 5 35.7
Pulmonary sounds 2 14.3
Vomiting 1 7.1
Lung crackles 1 7.1
Tachypnoea 1 7.1
Coagulation disordersa 1 7.1
Shock 1 7.1
a Bleeding from minor wounds, pale mucosae
Fig. 2 Thoracic radiograph (latero-lateral view, right recumbency)
showing a mixed interstitial nodular pattern without any evidence of
vascular lesions (dog 1, site B)
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did not show any other cardiac and lung distress or
haemostatic abnormality. No further information were avail-
able, with the exception of a treatment with a combination
of febantel/praziquantel/pyrantel received 2 months before.
After the detection of A. vasorum larvae, the dog was treated
with a single dose of the aforementioned spot-on formula-
tion and no other episodes of faecal bleeding and coughing
were reported to the veterinarian.
Site E, case 78
A 4-year-old bloodhound hunting male dog living in a rural
area was referred with extreme and sudden exercise intoler-
ance, loss of performances, lethargy and persistent coughing.
The clinical examination revealed breathing crackles and
sounds and Rx examination showed a diffused bronchial
pattern and lung nodular lesions (Fig. 5). The dog had re-
ceived a combination of febantel/praziquantel/pyrantel and an
arthropod repellent 5 months before. The veterinarian made a
suspicion of angiostrongylosis, which was confirmed by the
detection of larvae at faecal examination. The dog was treated
with the moxidectin-containing topical solution and fully re-
covered with disappearance of signs and pulmonary lesions
after few weeks.
Discussion
The present study represents the first large-scale survey on
the presence of A. vasorum in naturally infected dogs from
Italy and provides new data on the distribution of the para-
site in the country. In Italy, angiostrongylosis was firstly
found more than 20 years ago in red foxes, while in dogs,
it has been described only in the past decade, with an
increasing trend in clinical reports (Traversa et al. 2008a,
2010a). Nonetheless, information are still limited to few
areas from the centre of the country (Traversa et al. 2010a;
Di Cesare et al. 2011) with only single cases or small case
series from other regions (Della Santa et al. 2002; Sasanelli
et al. 2008; Lepri et al. 2011).
The present study illustrates that canine angiostrongylosis
is endemic in Italy and not confined to central regions and
suggests a possible geographic expansion, as already hypoth-
esized for other countries (Helm et al. 2010; Morgan and
Shaw 2010; Traversa et al. 2010a; Ferdushy and Hasan
2010b).
Given that dogs were recruited on the basis of perception
of veterinarians on appropriate signs, the results are not an
estimate of absolute parasite prevalence or disease incidence
in the selected regions. Cases of asymptomatic
angiostrongylosis may occur and the actual presence of A.
vasorum in symptomatic dogs of this study is likely
underestimated because only one Baermann test has been
performed for each animal. Indeed, veterinarians were not
asked for the necessary three consecutive daily faecal sam-
ples (Oliveira-Júnior et al. 2006; Verzberger-Epshtein et al.
2008; Koch and Willesen 2009; Morgan et al. 2010) because
this would have likely reduced compliance from the owner
and the veterinarians themselves.
The presence of A. vasorum in site B is worthy of note
because this is the first report of the nematode from an area
hyper-endemic for D. immitis. The simultaneous presence of
these two cardiopulmonary nematodes can be a diagnostic
challenge. Although adult stages of A. vasorum have the
same location of the better known canine heartworm D.
immitis, the clinical outcome of the infection can be differ-
ent (Conboy 2011). On the other hand, overlapping clinical
signs (e.g. cough, exercise intolerance) would greatly com-
plicate the diagnostic approaches of clinicians working in
Fig. 3 Lung sonography showing a small nodular lesion (arrow) in the
pulmonary parenchyma (dog 101, site B)
Fig. 4 Echocardiography showing presence of filariid echoes in the
right pulmonary artery (arrow) (dog 101, site B)
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areas where these nematodes live in sympatry. In fact, only
echocardiography and lung sonography, along with specific
laboratory evidences, may facilitate the diagnosis for similar
clinical pictures. Additionally, as shown by case 101 from
this site, mixed infection may occur, thus representing both
a serious threat for the health of the animal and a challenge
for vet practitioners. It is noteworthy that, although D.
immitis is hyper-endemic along the Po River Valley and
northern areas, new autochthonous foci of canine
dirofilariosis in southern and central Italy have been recently
reported (Otranto et al. 2009; Traversa et al. 2010a, b),
including in site E, i.e. the area in which A. vasorum is
mostly distributed in the country (see below). Vet practi-
tioners throughout Italy can be faced with diagnostic di-
lemmas posed by both infections, which can either share
clinical signs or differ widely.
The high presence of A. vasorum in site E is not surpris-
ing because it has been, several times, described from the
region in both clinical cases (Traversa et al. 2008a) and
epidemiological surveys (Di Cesare et al. 2010, 2011,
2012); thus, the existence of a stable endemic focus in this
area of Italy is suggested. The reasons are unclear, but the
high presence of the feline mollusk-borne respiratory nem-
atode Aelurostrongylus abstrusus in the same area (Traversa
et al. 2008b; Di Cesare et al. 2011) suggests that local
ecological drivers may nurture the distribution of gastropods
and of pathogens they transmit (Traversa et al. 2010a).
The negativity from site C does not imply a true absence
of the parasite in the region because in this study the infec-
tion was diagnosed in two asymptomatic dogs (not shown)
from a breeding operation of Caucasian shepherds which
was included in the study for the presence of pertinent signs
in other dogs in the same kennel. Hence, the possibility that
A. vasorum was not detected in some symptomatic dogs
cannot be ruled out given the demonstrated presence of the
parasite in the same kennel.
While A. vasorum has been reported from site A only
anectodically, thus far, the negativity of site F does not
reflect the present distribution of A. vasorum. In fact, canine
angiostrongylosis has been recently diagnosed in the same
region (Sasanelli et al. 2008).
The age of positive animals ranged from 18 months to
9 years. Indeed, dogs of all ages can be infected with A.
vasorum, even though young subjects, for their playing and
alimentary habits, are at more risk especially with severe
parasitic burdens for their incomplete immune competency
(Martin et al. 1993; Chapman et al. 2004; Day 2007; Koch
and Willesen 2009; Helm et al. 2010; Gallagher et al. 2012).
The present results differ from published data, i.e. ∼75 % of
animals diagnosed at less than 2.5 years old (Gallagher et al.
2012), because only five infected dogs were ≤2.5 years old.
Nonetheless, the information concur with the relatively fre-
quent findings of A. vasorum in animals aged between 5 and
12 years (Chapman et al. 2004; Gallagher et al. 2012).
Hence, angiostrongylosis should be suspected in all dogs
with pertinent clinical signs, regardless of age, but can be
excluded in puppies of 2 to 3 months of age for the prepatent
period of the worm.
None of the positive animals were treated with a macro-
cyclic lactone within 12 weeks before sampling. This re-
flects the tendency to use single doses of a benzimidazole
either alone or in combination with other molecules for
general parasiticide treatment, rather than treatments treating
also A. vasorum infections, as also previously described in
other studies (Willesen et al. 2007; Morgan et al. 2010).
Therefore, it could be insightful to evaluate the effect of
different treatments on the risk of infection and disease in
those areas where A. vasorum is actually spreading.
Under a clinical standpoint, as expected, clinical signs of
infected animals herein examined were consistent with
angiostrongylosis. Nonetheless, the vast majority were
aspecific and the parasitosis showed a widely varying clin-
ical picture. Veterinarians reported clinical signs similar to
those already published elsewhere and considered compati-
ble with angiostrongylosis (Chapman et al. 2004; Koch and
Willesen 2009; Helm et al. 2010; Morgan et al. 2010). As
previously suggested, severe and complex clinical features
published for canine angiostrongylosis are not observations
Fig. 5 Thoracic radiographs
(ventro-dorsal views) showing
a bronchial pattern and nodular
lesions (dog 78, site E)
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selected for publication in the veterinary literature, but are
common findings of a multifactorial pathology (Morgan et
al. 2010). Such scenario can face veterinarians and parasi-
tologists with relevant challenges under clinical and diag-
nostic standpoints (Traversa and Guglielmini 2008), despite
slight differences in pulmonary damages, e.g. scattered nod-
ular lesions, atypical for canine heartworm disease. Hence,
the finding of such lesions in some of infected dogs exam-
ined in the present study (Figs. 2 and 4) should be taken into
account in the differential in clinical settings, along with
aspecific signs like sudden exercise intolerance, like in dog
no. 78 at site E.
The case definition in this study was broad, especially
because cardiovascular signs included lethargy and exercise
intolerance, and general conditions were included as well.
This study design was selected on the basis of a previous
similar survey carried out in the UK (Morgan et al. 2010)
which described the most common presenting signs in
infected dogs at primary care level. The pictures described
here concur with this previous study, which proved that
signs associated with canine angiostrongylosis widely vary,
being the most common cardiorespiratory in nature and
coagulopathies or neurologic diseases less frequently ob-
served (Chapman et al. 2004; Chapman 2006; Koch and
Willesen 2009). Also, it is herein confirmed that vague (e.g.
weight loss, lethargy, depression) and gastrointestinal signs
may be a finding alone or along with cardiac and/or respi-
ratory evidences (Schelling et al. 1986; Koch and Willesen
2009). The lung compromise found herein (Tables 2 and 3)
is consistent with previous studies (Martin et al. 1993;
Patteson et al. 1993; Chapman et al. 2004; Helm et al.
2010). Auscultation of the lung fields is considered
unremarkable unless in rare cases (Chapman et al. 2004)
and, accordingly, relevant lung crackles have been herein
found in only one dog, which presented a severe clinical
picture (Table 2).
In conclusion, A. vasorum has an increasing potential
range of dispersion in several European areas including
Italy (Morgan et al. 2009, 2010; Ferdushy and Hasan
2010b); thus, an increasing population of dogs will be
exposed to the infection in the future. There is the
necessity of stimulating concern on this infection among
vet practitioners, which should always include A.
vasorum on the list of differential diagnoses when signs
are consistent. In fact, angiostrongylosis is a well-
established parasitic condition in dogs from Italy and
other countries and should be considered in dogs from
all areas and of all ages even in the presence of a single
compatible clinical sign. This is of particular importance
because, albeit the parasite has a high clinical impact
and may be life-threatening, the anthelmintic treatment
is simple, straightforward and most often successful
(Willesen et al. 2007; Traversa et al. 2010a).
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